=

AEDC-TR-75-60 JMAY_2 99540
JuL 2 9 \992

&R UL 15 1994

3

’

T
T

STUDY OF MULTWPIECE, FLOW-THROUGH
WIND TUNNEL MODELS FOR HRT

GENERAL DYNAMICS CORPORATION
CONVAIR AEROSPACE DIVISION
SAN DIEGO, CALIFORNIA 92138

November 1975

Final Report for Period April — December 1973

; PROPERTY OF U.S. AIR FORCE
AEDC TECHNICAL LIBRARY

Approved for public relesse; distribution unlimited. I

—————— CETATLY o2 U. S. Air Force

— ﬁ.EDC LTEDARY

F4ou00-75-C- 0001 o
. LRt PR A T5 ) il

'— byt L S
lLL.u‘ R W s ._:\u I Y --'--..-._a BTl |

Prepared for FinE Cle s

ARNOLD ENGINEERING DEVELOPMENT CENTER (DY)
AIR FORCE SYSTEMS COMMAND
ARNOLD AIR FORCE STATION, TENNESSEE 37389




NOTICES

When U. S. Government drawings specifications, or other data are used for
any purpose other than a definitely related Government procurement
operation, the Government thereby incurs no responsibility nor any
obligation whatsoever, and the fact that the Government may have
formulated, furnished, or in anv way supplied the said drawings,
specifications, or other data, is not to be regarded by implication or
otherwise, or in any manner licensing the holder or any other person or
corporation, or conveying any rights or permission to manufacture, use, or
sell any patented invention that may in any way be related thereto.

'Qualified users may obtain copies of this report from the Defense
Documentation Center.

References to named commercial products in this report are not to be
considered in any sense as an endorsement of the product by the United
States Air Force or the Government.

This final report was submitted by General Dynamics Corporation, Convair
Acrospace Division, San Diego, California 92138, under Contract
F40600-72-C-0015 with Arold Engineering Development Center (DY),
Amold Air Force Station, Tennessee 37389. Mr. Ross G. Roepke, DYX, was
the Air Force technical representative. .

This report has been reviewed by the Information Office (OI) and is releasable
to the National Technical Information Service (NTIS). At NTIS, it will be
available to the general public, including foreign nations.

APPROVAL STATEMENT
This technical report has been reviewed and is approved for publication.

FOR THE COMMANDER

«M oAt 0 /é}’é

ROSS G. ROEPKE ROBERT O. DIETZ
Requirements Planning Director of Technology
Division

Directorate of Technology



UNCLASSIFIED

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

T REPORT NUMBER T GOVT ACCESSION NG| 3 RECIPIENT'S CATALOG NUMBER
AEDC-TR-75-60 l
4 TITLE (and Subritle; & TYPE OF RERORT & PERIOD COVERED

STUDY OF MULTIPIECE, FLOW-THROUGH WIND
TUNNEL MODELS FOR HIRT

Final Report - April-
December 1973

€ PERFORMING ORG. REPORT NUMBER

8 CONTRACT OR GRANT NUMBER(s)

F40600-72-C-0015
(Phase II)

7 AUTHOR!s)

W. K. Alexander, S, A. Griffin and
A, E. Brady

9 PERFORMING ORGANIZATION NAME AND ADDRESS
General Dynamics

Convair Aerospace Division

San Diego, California 92138

t1 CONTROLLING OFFICE NAME AND ADDRESS

Arnold Engineering Development Center(DYFS)
Air Force Systems Command

10 PROGRAM ELEMENT. PROJECT TASK
AREA & WORK UNIT NUMBER

Program Element 65802F

12, REPORT DATE

November 1975

13 NUMBER OF PAGES

Arnold Air Force Station, Tennessee 37389 85
14 MONITORING AGENCY MAME & ADDRESS(i{ different irom Controlling Ottice) 15 SECURITY CLASS. (of thrs report)
UNCLASSIFIED

15a DECé. ASSIEFI CATION ‘DOWNGRADING

SCHEDUL
N/A

16 DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17 DISTRIBUTION STATEMENT (of the absiract entered in Block 20, {1 ditferent irom Report)

18 SUPPLEMENTARY NOTES

Z% <;c/£;*:7
3 Neelils,

Available in DDC

19 KEY WORDS (Continue on reverse aide if necessary and identily by block number)

wind tunnel models model fabrication
high Reynolds number testing model costs

model design

ejector simulators /

20 ABSTRACT (Conlinue on reverse side If necesaary an .mly by block number)

The usefulness of the proposed s c Wind
Tunnel (HIRT) at AEDC will be largely influenced by the restrictionsJ
placed on testing due to model limitations. A preliminary study of
models determined that basic models (without internal airflow)
could be designed and tested in HIRT with few restrictions. The
present study contains a more detailed analysis of the limitations

of a high-performance fighter aircraft model, with variables similar

F ORM

JAN 73 EDITION OF 1 NOV €515 OBSOLETE

UNCLASSIFIED

DD , 1473



UNCLASSIFIED

20, ABSTRACT (Continued)

to those for present-day transonic wind tunnels. A typical test
plan is outlined, and model, balance, and support system limita-—
tions are presented. A three-component balance design for mea-
suring canard loads, preliminary investigations of the use of
ejectors for powered testing, and an analysis of the use of an e
existing design for an F-111 model are also presented. Cos*- com—
parisons are made between the design and fabrication of models for
testing in HIRT and similar models for testing in existing tran-
sonic wind tunnels. The study concludes that multipiece, flow-—
through models of the General Dynamics Delta Canard and F-11l1 air-—
craft can be designed and fabricated, which would be structurally
capable of withstanding the loads associated with simulating major
portions of the aircraft operating envelopes at full scale Reynolds
numbers in the HIRT facility.

AFSC
Arnolg AFS Tenn

UNCLASSIFIED




AEDC-TR-75-60

PREFACE

This report describes the work performed on Air Force Contract F-40600-72-C-0015
(Phase II) by General Dynamics, Convair Aerospace Division, San Diego operation,
San Diego, California., The report is identified by contractor's number CASD-AFS-73-
006.

This study is one of a four-part program conducted for Phase II. The remaining three
studies are:

a. AEDC-TR-75-61 'Study of Expected Data Precision in the Proposed AEDC HIRT
Facility."

b. AEDC-TR-75-62 Study of HIRT Model Aerocelastic Characteristics in Reference
to the Aeroelastic Nature of the Flight Vehicle."

¢. AEDC-TR-75-63 "Study of Six-Component Internal Strain Gage Balances for Use
in the HIRT Facility."

The work was administered by the Department of the Air Force, Headquarters, Arnold
Engineering Development Center (TMP), Arnold Air Force Station, Tennessee,
Mr. Ross G. Roepke, AEDC (DYX), is the Air Force technical representative.

This program.was conducted in the research and engineering department of Convair
and was managed by S. A. Griffin. The work for this study was accomplished between
April and December 1973,

The authors, W. K. Alexander, S. A. Griffin, and A. E. Brady, wish to acknowledge
the contribution of Messrs. R. L. Holt, S. P. Tyler, G. J. Fatta, M. L. Kuszewski,
W. H. Whitley, and A. Wilson in the preparation of this report.

The reproducibles used in the reproduction of this report were supplied by the authors.
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SECTION I
INTRODUCTION

A high Reynolds number Ludwieg tube type transonic wind tunnel (HIRT) is being pro-
posed for construction at Arnold Engineering Development Center, Arnold A, F. Station,
Tennessee,* Since high dynamic pressures are required to obtain large Reynolds
mmbers in a Ludwieg tube, HIRT models may be subjected to very high loads. Pre-
liminary studies (Reference 1) have shown that basic models (without internal air flow)
could be designed that would be capable of withstanding loads associated with simulating
ajrcraft operating envelopes matching full scale Reynolds numbers.

The objective of this study is to perform a more detailed analysis of a high performance
fighter aircraft model with model variables similar to present-day transonic wind
tunnel models including the ducting of air through the model.

The General Dynamics Delta Canard fighter was selected as the primary aircraft con-
figuration for this investigation. The 1/9.6 scale model design from the previous study
(Reference 1) was reworked to include internal air flow, movable canards and a canard
balance. Two support systems were designed and a six-component balance (sized using
a concurrent balance capacity versus size study) was installed.

Other work in this study includes:

a. A brief discussion of the use of an ejector for thrust simulation in a HIRT
model,

b. Test limitations in HIRT of an existing F~111 transonic wind tunnel model design,

c. Comments regarding model cost estimates.

*Since completion of this report by Convair, a final decision was made not to con-
struct the HIRT at AEDC in favor of a continuous cryogenic wind tunnel, site as
yet undetermined.

1. "Wind Tunnel Model Parametric Study for Use in the Proposed 8 Ft x 10 Ft High
Reynolds Number Transonic Wind Tunnel (HIRT) at Arnold Engineering Develop-
ment Center '' AEDC Report AEDC-~TR-73-47, March 1973,
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SECTION O
TUNNEL DESCRIPTION

2,1 TUNNEL SIZE AND RUN TIME

The proposed HIRT facility is a large Ludwieg tube tunnel with an 8-foot-wide by
10-foot-high test section. Desired Reynolds number and Mach number conditions are
regulated by adjusting the tunnel charge pressure and temperature in the tube prior to
a run and selecting the proper valve arrangement. Test run times will be approxi-
mately 2.5 seconds.

2.2 TEMPERATURE VARIATION

The tunnel will be designed to operate at charge temperatures from ambient to -30°F.
Two conditions will be investigated herein:

a., Ambient +77°F)
b. Cooled (-30°F).

The cooled condition is achieved by refrigerating the stored air and cooling the entire
tunnel before initiating a run.

Since Reynolds number is very sensitive to freestream temperature, a significant
lowering of dynamic pressure required for a given Reynolds number can be obtained
by operating the tunnel in the cooled condition (~30°F). Figure 1 presents a compari-
son of the dynamic pressure and Reynolds number for ambient and cooled air at
Mach = 0,8 and 1.2.

Models loads are a function of dynamic pressure; therefore, a significant lowering of
model stress is achieved by using cooled air.

2.3 STORAGE PRESSURE AND DYNAMIC PRESSURE REQUIREMENTS

The Delta Canard fighter full-scale Reynolds numbers considered in this study vary
from 13.6 to 82 million per foot. Tunnel storage pressures of 210 psi (cooled) and
240 psi (ambient), and maximum dynamic pressures of 16.85 psi (cooled) and 22,92
(ambient), would be required to simulate the test envolope.

2,4 MODEL SUPPORT SYSTEM

A sting-type model support system capable of pitching the model in a vertical plane is
used for these analyses. A pitch mechanism with a 15 degree total travel at rates from
zero to 7 degrees per second is available. Sting knuckles and/or offest stings are used
to extend the model angle-of-attack range. Straight sting models can be rolled 90
degrees and moved through the pitch plane to simulate yaw at zero degrees angle of
attack. The tunnel support system load capacity far exceeds the loads anticipated for
the Delta Canard fighter model.
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SECTION III
TEST PLAN

The theoretical test plan for this study includes:

4. Matching full scale Reynolds numbers throughout the aircraft operating envelope,
b. Investigation of the effects of base distortions.
c. Conventional flowthrough and plugged inlets, )

d. Transonic and subsonic testing.

3.1 OPERATING ENVELOPE

Aircraft operating conditions for the Delta Canard fighter are illustrated in Figure 2,
Test conditions selected for analysis are summarized in Table 1.

Table 1, Test Plan

Wing |
struc-
Tunnel Tunnel Tunnel Model tural
Condi~ | Load tempera- | dynamic | storage | Model angle of | cross |
tion | factor| Mach [ Altitude | ture pressure” | pressure | Re/it attack | eection ; Computer Run
no, no. po. | (108 ft) (°F) (psl) (psia) [(millions) | (degrees) %) P code description
23 7.5 0.52 S.L. k&4 22,92 240 '35.44 31.03 100 Co1-1 Maneuver
24 7.5 0.52 S.L. =30 16.85 210 35,44 31.03 100 C02-24 Maneuver
25 7.5 0.52 S.L. -30 16.85 210 35,44 31.03 65 C02-34 Maneuver
26 1,0 0.90 40 77 15.97 65 16,52 6.62 100 Co01-5 Cruise
27 1.0 0,90 40 =30 11,74 30 16,52 6.62 100 C02-6A Crulee
28 1.0 0,90 40 -30 12.74 30 16.52 6.62 65 C02-TA Cruise

The model may be subjected to tunnel dynamic pressures up to 13,300 psf, (Figure 2)
Mach numbers from 0.5 to 1,2, and Reynolds numbers from 13.6 to 82 million per

foot. It is assumed that the tunnel will be operated at ambient temperature as long as
loads do not exceed balance or model load limits. Since a given Reynolds number can
be obtained at a lower dynamic pressure at reduced temperatures, tunnel temperature

can be used as a useful tool for varying model loads and distortions while holding
Reynolds number constant,

3.2 BASE DISTORTION INVESTIGATION

The model is designed to allow for installation on either a conventional straight sting
or a blade sting support, Alternate aft fuselage configurations are available, which

10
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simulate the afterburner (A/B) configuration, a cruise configuration, and a configura-
tion distorted to allow for installation on a straight sting with full load capability plus
alr flow. These afterbodies are shown in Figure 8,

3.2.1 General Approach No, 1

2¢ Obtain the aerodynamic force and moment characteristics at the desired test
conditions (e.g., presumably at the Rp max conditions) with the inlets blocked
and the A/B base shape on a sting support and 6~component balance (Figure Ne

b. Repeat the test conditions of (a.) with the same model configuration mounted on
a blade support system with a 6-component balance (Figure 8). Install a non-
metric dummy sting to simulate condition a. The difference between steps (a.)
and (b.) is accounted to the blade support connection.

c. Remove the inlet plugs and the nonmetric dummy sting and repeat the runs for
which the blade connections have been obtained,

d. A dummy sting could be positioned at the base of the model to compare HIRT
data with conventional tunnel data that had been obtained using a sting support
arrangement.

3.2.2 General Approach No, 2

In some cases it may not be desirable to test with plugged inlets and testing might
pProceed as follows:

4. Assume that the model base exterior lines have been distorted to allow testing at
the full scale R . Test this configuration at the desired test conditions using a
conventional sting and 6-component balance arrangement (Figure 7).,

b. Repeat the test conditions from (a.) with the same model configuration mounted on
a blade support with a 6~component balance, Figure 8. Install a nonmetric
sting to simulate condition (a.) The interference due to the blade support falls
between conditions (a.) and (b.).

¢, With the model mounted on the blade support system, the model base can be
changed to the desired configurations. (This could be accomplished with or with-
out sting effects, Figure 8.)

Note:

A source of possible error in these approaches is the blade interference on the model
base region (e.g., upstream generated wake interference). Model base region dis-
tortion requirements do not preclude testing in HIRT; however, blade support testing
is required to assess the magnitude of the effect of the undesired base region shape,

12
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SECTION IV
MODEL LOADS

Model loads were computed using General Dynamics Convair Aerospace division
Program P4278 (Reference 2) supplemented with existing wind tunnel test data. Each
condition in Table 1, Test Plan, was analyzed to determine:

a, Wing shear loads.

b. Wing pitching torques.

¢. Wing bending moments.

d. Wilng loading. -

e. Wing distortions (vertical deflection and wing twist).

f. Wing section properties (EI, GJ).

g. Total model vertical force.

h. Model angle of attack,

f. Horizontal tail loads.

The results of each test condition were analyzed and the most pertinent information

used to compute model stresses and distortions as presented in Section V, Structural
Analyses. All loads are considered steady-state loads.

4,1 MAXIMUM LOADED CONDITION

For the model designer, the highest loaded test condition, (Condition 25, Table 1) is
of special interest, for if the model can be designed to withstand the loads associated
with the full-scale Reynolds number at this condition, it will be structurally possible
to match the full-scale Reynolds number throughout the aircraft cperating envelope,
Figure 3 illustrates the wing loading due to test condition 25. Model loading diagrams
(maximum load conditions) are presented in Figure 4.

4.2 STARTING LOADS

Starting loads (if any) in the HIRT facility are estimated to be less than the maximum
steady-state loads.

4,3 LOAD SUMMARY
A summary of the most important loads is presented in Table 2.

2. "Application of Lifting Line Theory to Aircraft Aeroelastic Loads Analysis,"
General Dynamics Convair Report GDC-ERR-AN-1128, February 1968.

13
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Table 2, Delta Canard Model Load Summary

Item Load (=30°F) Comments
1. Total model 15,312 1b + 9, 000 in-Ib | Based on load condition 25 (Table 1)
2. Verticaltall [1,8501b Based on balance YM limit (27,000 in-1b)¥
3. Rudder 290 Ib Based on 10-degree rudder deflection
4. Elevon 750 1b/side Based on i 10-degree deflection
5. Canard 1,000 1b/side Based on previous test data
6. Wing 3,000 1b/side Based on load condition 25 (Table 1)
7. Sting no. 1

NF = 15,312 b, PM = 9,000 in-lb, SF = 1,850 Ib,
YM = 32,840 in-lb, RM = 12,600 in=-lb, Axial= 1,800 1b

* 3,35 in. dia. balance

15
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SECTION V
BALANCE SELECTION

5.1 BALANCE SIZING AND LOCATION

Balance sizing and location within the model were based on the model loading diagram,
Figure 4, and the balance diameter versus load capability curve, Figure 5. The
balance information shown in Figure 5 is based on a current study of high capacity
balances (Reference 3.

The minimum=-size balance capable of handling the loads in Figure 4 is obtained by
positioning the balance within the model so that the Balance Moment Center (BMC)

is coincident with the model center of moments. For the cooled condition (-30°F) the
model pitching moments vary from 21, 130 in-Ib to 3,616 in-lb at a constant normal
force of 15,312 1b (Figure 4),

BMC Location:

BMC = F. Sta. 46.66 - AF. Sta.

where

21,130 + 3, 616
. = 2 — g U 2D
AF, Sta 1/ [ 15,312 ]

~» BMC is at F, Sta., 45.85

Maximum Balance Loading:

NF =15,3121b

_ 21,130 - 3,616
2

PM = 8,757 in-lb

In Figure 5, the balances are sized based on maximum NF with PM = 0. Therefore:

Applied PM

(Balance NF at PM = 0) = Applied NF + 3

= 15,312 +

8':57 18,230 1b

3. "Study of Six~-Component Internal Strain Gage Balances for Use in the HIRT
Facility," AEDC Report, AEDC-TR-75-63.

16
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From Figure 5, the minimum balance diameter i-equired for the maximum loaded
condition at ~30°F is:

Balance diameter Comments
3.35 in. With combined load capability
2.801in. WithSF=YM=RM =0

For ambient tunnel temperature operation (Reference Figure 4):

Maximum Balance Loading:

NF = 21,000 1b

28,800 - 4,925
2

PM = = 11,938 in~1b

(Balance NF__ with PM =0) = Applied NF + 2PPlied PM
max 3

= 21,000 + n,Ts:ss

24,980 1b

From Figure 5, the minimum balance diameter required for the maximum loaded con~
dition at ambient temperature is:

Balance diameter Comments
3.65 in, With combined load capability
3.15 in. WithSF=YM=RM =0

5.2 3.125-INCH-DIAMETER BALANCE

A 3,125-inch-diameter, 6~component balance was selected for use in the Delta Canard
model during the early design stage based on information from a concurrent balance
study. Subsequent balance capability studies (Reference 3) have indicated that the
3.125-inch~diameter balance would not have the capacity to withstand the maximum
combined loads predicted for this configuration., Although it is highly unlikely that a
test point would require maximum combined load capability in all components simul-
taneously, that limitation would have to be considered.

If the model were tested in a condition where SF, YM, and RM were limited to near
zero load, the balance capacity in NF and PM would be significantly increased, as
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shown in Figure 5. Combinations of the 3.125-inch-diameter balance load rhombuses
and the model loading diagrams are shown in Figure 6. Note that if maximum combined
load capability is required, a small portion of the load envelope for =30°F operation

and much of the upper portion of the ambient temperature load envelope extend beyond
the balance load rhombus, whereas only a small portion of the load envelope is un~
obtainable if SF, YM, and RM=0.

BALANCE CAPACITY
{SF, YM, & RM =0}

MODEL LOADING (CONDITION 23, TABLE 1)
[~ (AMBIENT TEMPERATURE

Ll
o

]
(=]

[~ MODEL LOADING (-30°F)
(CONDITION 25, TABLE 1)

10—

NORMAL FORCE (10° Ity
o

BALANCE CAPACITY
{COMBINED LOADS)

] |
r 10 20 30

PITCHING MOMENT (10> in-1b)

0
-40

"Figure 6. 3.125-Inch-Diameter Balance Capacity
versus Model Loading

5.3 ALTERNATE BALANCE SIZE

The model could be modified to accept balances up to 3,375 inches in diameter (which
would have the capacity to withstand the maximum predicted combined loads for a
cooled run) without an internal air flow blockage problem.

5.4 ALTERNATE BALANCE LOCATIONS
In cases where there are large shifts in the aircraft center of pressure within a test
program and the model geometry limits the balance size such that the resulting NF,

PM ranges cannot be tolerated by the balance, multiple balance locations within the
model might be used to keep the model loadings within the balance limits.
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SECTION VI
MODEL DESIGN

6.1 BACKGROUND

Problems associated with the design of basic wind tunnel models capable of withstand-
ing the loads and environmental conditions of the HIRT facility were explored in a previ-
ous study (Reference 1). Basic models of our aircraft were analyzed, and it was
determined that these basic designs were usable and could be tested throughout the en-
tire operating envelopes of the aircraft chosen. Two of the parameters in that study
were:

8. Models had blocked inlets with no internal airflow through the model.

b. Balances were sized to be consistent with a load capability of NF + balance
diameter? equal to 1,700 psi,

6.2 DESIGN PARAMETERS

The primary object of this study was to determine the effect of including internal air
flow and control surface requirements on the model structural limits while using a
balance sized to be consistent with the current balance study (Reference 3).

6.3 MODEL DESCRIPTION

The General Dynamics Delta Canard fighter model was chosen for this study. The air
flow ducts were sized according to accepted airflow requirements for General
Dynamies transonic wind tunnel tests. No instrumentation, inlet variables, or exit

plugs are considered in this study. The model scale 1/9,6 scale was the same as for
(Reference 1).

6.3.1 Model Details (Figures 7 and 8)

The Delta Canard model assemblies are shown in Figures 7 and 8. The basic design
is adaptable from a conventional straight sting support to a blade support, as required
by the proposed test plan outlined in Section III.

The basic model is composed of (Figures 7 and 8):

Mid fuselage, which includes the balance mounting area, wing mounting tabs,
vertical tail attachment, and boat-tail attachment ring.

@ Mid fuselage upper shell, which forms the upper portion of the air duct system,
and Canard mounting surface, This mid fuselage is removable to allow access
to the balance roll pin and sting shroud attachments.
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Forward fuselage assembly including the nosc, canopy, and inlets. An instrument-
ation storage area is provided in the nose to be used for onboard instrumentation
and can be sealed or vented as required by the test conditions.

©

Wings, which attach to the mid fuselage scction and contain elevon mounting areas.
Elevons are varied by changing elevons with machined incidence angles.

Canards, which are attached to the mid fuselage upper shell through brackets.
Variable incidence angles are obtained through a series of brackets,

Vertical tail, which is a one-piece design with variable rudder settings.

O ONONC,

Three boat-tail configurations are shown:

1, Boat-tail with fuselage modified to allow air flow plus sting plus sting
clearance.

2, Boat-tail with airplane lines for cruise configuration,
3. Boat-tail with airplane lines for afterburner configuration.

Sting shroud, which shields the balance/sting combination from internal air flow
and is sized to clear sting deflections due to model loads.

Lower fuselage cover plate which, when removed, creates clearance for a blade
support system.

6.4 TUNNEL INSTALLATIONS

6.4.1 Straight Sting Installation

The Delta Canard model is shown installed on a conventional straight sting in the HIRT
facility in Figure 9. The sting shown in Figures 7 and 9 is designed to support the
model under the maximum combined loading shown in Table 1, The sting is attached
to the balance through a tapered socket, pinned to resist rolling moment.

A bent sting or double~knuckle type arrangement will be required for angle~of-attack
ranges in excess of 15 degrees.

6.4.2 Blade Sting Support

The model is shown installed on an offset blade sting support system in Figure 10.
The exact geometry of such a sting arrangement would be influenced by test objectives,
company policies, etc.

To change from the straight sting to the blade support, the balance must be reversed
in the fuselage. The lower fuselage cover plate is removed to provide clearance for
the sting socket, The gap between the fuselage and the sting may or may not be sealed
as test conditions dictate.
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If the model angle-of-attack range exceeds the 15-degree tunnel travel, an adjustable
section must be included in the support system. A pin point arrangement is shown in
Figure 10, This type of system would move the model off of the tunnel centerline for
some conditions. Offset stings or double-knuckle arrangements may also be used,

6.5 MODEL MATERIALS

All components of the model are fabricated from steel. The primary steel used for
model parts is PH13-8 Mo in the H1000 condition, PH13-8 Mo H1000 and 18Ni-300
grade stainless steel are used for the support systems.

Although some components do not necessarily require steel to meet acceptable struc-
tural safety factors, steel is used to maintain a common material thermal coefficient
of expansion. Since the tunnel has the capacity to operate over a temperature range
from +100°F to -30°F, dissimilar material expansion or contractions is significant
(particularly for models as large as the Delta Canard). For example:

PH13-8 Mo Steel Coefficient of Thermal Expansion = 5.7 X 1076 in, /in, /°F

6061 Aluminum Coefficient of Thermal Expansion = 13,1 x 1078 in, /in. /°F

For a AT of 130°:

6

Change in Size = (13.1-5.7) x 1075 (130) = 962 x 107 per inch.

Therefore a 6. 0-inch joint would open or close 0.0058 inch. This would be
very significant when related to mechanical loads on a joint, etc.
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SECTION VII
STRUCTURAL ANALYSIS - DELTA CANARD MODEL

7.1 INTRODUCTION
The basic structural analyses performed are:

2. Wing panel stresses and related fuselage attachment,
b. Elevon panel stresses and related wing attachment.
¢. Canard panel, bracket, and related fuselage attachment.
d. Verticaltail stresses and related fuselage attachment.
e. Rudder stresses and related tail attachment.
f. Model support systems stresses and deflections.
1. 3.125-inch-diameter balance and sting system.
2. 2,500-inch-diameter balance and sting system.
3. Blade-mounted configuration,
g. Fuselage and sting windshield.

Relative sting/model clearances were defermined based on balance stiffness data
found in Reference 3.

Model component loads and stresses are based on loads defined in Section IV (summar-
ized in Table 2). The support systems analyses are based on a combination of model
loads and balance limits.

PH13-8Mo H1000 and 18 Ni-300 grade steels are used as the basic materials.
The mechanical properties of each are found in Table 3.

The allowable tensile and shear loads for the threaded fasteners are found in Table 4.
These values are based on material ultimate tensile and shear stresses as indicated
and are currently accepted and used by the General Dynamics Corporation, Convair
Aerospace Division,

Table 5 presents a summary of the achieved safety factors. Safety factors of 2.0,

based on material yield stresses, and 3.0, based on allowable loads for threaded
fasteners, were used as the design limits.
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Table 3. Design Mechanical and Physical Properties of Materials
Recommended for HIRT Test Models

Speciflcation AMS 5629A MIL-5-46850A | MIL-5-46850A |None MIL~-5-8949 | MI1.-S8-8844C
) Type Il Type I Class 3 - 300 M
Grade 250 Grade 300
AHoy PH13-8Mo 18Ni-250 grade | 18NI-300 grade |18Ni-350 grade | DBAC 300M
Form Bar, forgings | Bar, forginga Bar, forgings Bar, forgiegs | Bar, billets | Bar, forgings
Condition H1000 sTa'® sTa'® sTA™® qst® Qe T®
Basis Tentative A Tentative 8 Tentative S Tentative 8 B 8
Mechanical properties
Fy, 0cs1) 201 250 300 350 220 | 260 280
Fyy Gei) 190 240 280 330 190 | 215 230
Foy (i) 200 245 280 -— 213 | 240 247
Fg, Gel) 119 150 170 .- 130 | 156 168
Fbru (est):
(/D = 1.5) 302 - --- -— 287 | a7 -—-
e/D=2.0) 402 --- - —— 385 | 440 .-
Fbry Geal):
/D =1.5) 263 - .- - 274 | 809 -—
{e/D =2.0) 338 -— -— - 302 | 343 -
© (percent) 10 ] 3 2 10L | 10L 6
TT{ ST
E (10° pet) 28.3 5.7 27.0 21,0 29,0
E (105pet) 29.4 -— ——- -— 29,0
G (106 pst) 11.0 -— .- .- 1.0
Polsson's ratic 0.278 0.30 - -—- 0.82
Physical properties
w {b/n. 3 0,270 0.288 0,29 0.282 0.283
C (Btu/ @b) (F) 0.11(32-212F)| 0.107(at 300F) |  0.11 (&t 300F) | -=- 0.114 (at 32F)
K (Etu/{r) (3) () /1 8.0 (at 200F) | 14.6 (at 75F) 12 (at 75F) - 22,0 {at 32F)
@ (10~%m. An. /F) 5.7 (st 200F) | 5.6 (75-800F) | 5.6 (75-800F) | 6.3 (70-900F) 6.3 (0 to 200F)

(a) STA = Bolution treated and aged
(b) Q& T = Quenched and tempered

7.2 SUMMARY

A brief description of the results of the structural analyses of each of the major model

components is presented below.

7.2,1 Wing

The inherent strength of a low aspect ratio delta wing is illustrated by the fact that
the maximum stress in the wing is 58,000 psi, which occurs at the outboard wing/
elevon intersection. The wing stress near the root is 40, 000 psi.
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Table 4. Allowable Loads for Threaded Fasteners

Fiy = 180 ksi, Fg, = 108 ksi
Serew Liameter Py A Py A ' Pig A

size Class Minor Major Pitch (1b) (1b) (1b/thd)
6-32 NC 0.0997 | 0.1380 0.1177 1,405 1,615 624
8-32 NC 0.1257 0. 1640 0. 1437 2,234 2,281 762
10-32 NF 0.1517 0. 1900 : 0. 1697 3,258 3,062 900
1/4-20 NC 0. 1887 0, 2500 0.2175 5,034 5,301 1,845
1/4-28 NF 0.2062 0. 2500 0.2268 6,011 5,301 1,374
5/16-24 NF 0.2614 0.3125 0.2854 9,660 8,283 2,017
3/8-24 NF 0.3239 0.3750 0.3479 14,831 11,928 2,459

The wing is attached to the fuselage tang by two rows of 5/16~24 screws with a result-
ant fuselage tang stress of 33, 000 psi.

The elevon-to-wing attachment requires five 8-32 and three 6-32 screws to achieve a
3. 33 safety factor.

7.2.2 Canard

The maximum stress in the canard system is 81, 800 psi, which is located in the bracket
through the bracket-to-fuselage attachment area. Individual brackets are required for
each canard incidence angle. Less "common" material is available between the canard
contour at the fuselage intersection as the incidence angle is increased. A 5-degree
incidence bracket is analyzed and has a stress of 53, 400 psi. Stress level will increase
as the incidence angle:increases; therefore, each incidence angle would have to be
analyzed to determine the maximum allowable canard load.

7.2.3 Vertical Tail and Rudder

The vertical tail is most critical in the tail-to-fuselage fasteners. Twelve 8-32 screws
are required to achieve a 3,16 safety factor. Two 0. 25-inch-diameter pins have a
safety factor of 3.37 in. shear. Rudder deflections are achieved using a series of one~
piece rudders with integrally machined deflection angles for each of the angles required,
Five 6-32 rudder-to-tail fasteners are required to achieve a 3,03 safety factor.
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Table 5. Summary of Achieved Safety Factors
Component/location Mode S.F. |Page
Wing panel
Section at B,L. 14.216 Bending + torsion| .3.29) 26
Attachment screws — wing/fuselage juncture Tension 5.24| 27
Fuselage Tang — wing/fuselage intersection Bending + torsion| 5.79] 28
Elevon = section through attachment screws Bending 11.43] 29
Attachment screws — elevon/wing juncture Tension 3.33| 30
Canard
Section at B.L. 5.140 Bending + torsion| 3.81} 31
Bracket at B. L, 4.140 (5° canard incidence) Bending + torsion| 3.56| 82
Bracket at B, L., 3.290 Bending + torsion| 2.32| 33
Attachment screws — Canard/bracket juncture | Tension 3.81( 34
Attachment screws — bracket/fuselage juncture | Tension 3.98] 35
Vertical tail
Section at WL 13.02 (root) Bending + torsion| 4.90( 38
Attachment screws — tail/fuselage juncture Tension 3.16 |37
Shear pins = tail/fuselage juncture Shear 3.37|37
Rudder — section through attachment screws Bending 4,24)38
Attachment screws ~ rudder/tail juncture Tension 3.03|39
Sting supports
Support system no. 1 = section M.S. 68.44 Bending + torsion| 2.08 |41
Support system no. 2 — section M.S. 68,44 Bending + torsion| 2,46 |41
Support system no. 3 — section A-A, Bending + torsion| 7.80|41
Support system no, 3 = attachment bolts Shear 3.12 {42

7.2.4 Support Systems

Three support systems are analyzed:

1, System No. 1 is a straight sting designed to be used with 3,125 to 3. 35-inch-

diameter balances (Reference Figure 7).

This sting is capable of withstand=

ing the maximum combined loads required for -30°F operation (Table 6)
and is considered the basic straight sting for this study.

2.

System No. 2 is a straight sting, which is the largest diameter sting that

could be used with the afterburner boat-tail configuration (reference Figure

8 and Section 6, 3, 1) and meet the air flow requirements.

The sting is

shown with a 2. 625-inch-diameter balance. The loading shown in Table 6

results in a sting safety factor of 2. 46.
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3. System No. 3 is the blade sting shown in Figure 8, This system is
designed to allow full normal force and pitching moment loads with the side
force and yawing moment associated with 10-degree rudder deflection and
rolling moment due to total differential elevon deflection with zero rudder or
combinations of rudder and elevon (12,600 in-1b maximum). The combined
loading shown for System No. 3 in Table 6 results in 2 safety factor of 7. 80.

7.2.5 Fuselage

The fuselage and sting windshield are made of steel and are lightly loaded in compari-
son to other components and were judged to be not critical by inspection.

7.3 DETAILED ANALYSIS

Wing

Panel

The wing panels will be machined from PH 13-8Mo H1000 stainless steel. Loads due to
test plan condition 25 are applied (reference Table 2 and Figure 3).
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Wing Section Properties and Bending Analysis

Section 1 f f
* %
B.L. min J c M T b st
5,680 0.1253 0.4033 0.435 11,500 4,530 39,920 4,890
14,216 0.0031 0,0095 0,177 1,000 350 57,100 6,520

*From Figure 3, Section 4, 3.

From the above table, the most critical section is at B.L. 14,216:

b

fg =—2—+fst = 28,5506,520 = 29,290 psi

fn =;b + fs = 28,550 + 29,270 = 57,820 psi

For PH 13-8Mo H1000 material:

F, = 190ksi
ty

) _ 180
L8eF, = g = 3,29

Wing/Fuselage Attachment Screws

Screws will be in tension. Wing panel bending moment is assumed to act about a
bearing line taken at 2/3 of the edge distance. Torsion is assumed to act about the
elastic axis.

From Figure 3 Section 4. 3:

M = 18,200 in-lb about assumed bearing line,
T = 5,600 in-1b about centroid of screw pattern,
V = 2,850 1b at assumed bearing line.

Tension load or the critical screw will be:

P Mps T 44 \'4
tcrlt Zn R, Zn n n

where:

n is the mumber of screws.
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5.20
0.45

b
N |
N+
\¥ ______
5/16-24 SCREWS

= [ Y
1 °'5°"'1 4 EQUAL =3, 70—

~
~

14, g0 SPACES
_p __p|3
~ "2
[
gt
l
[~~~ ASSUMED BEARING LINE
Zn pnz = 3 (0.667)2+ (1.11'7)2 + 5 (2.78_'7)2 = 41,419 in.2
Tn x.nz = 1(0.502 + 1(2.10% + 1 4.200° + 2 (7.90)% = 147.120 1n. 2
©p - {18, 200) (2.787) + 5, 600 (7.90) + 2,850
t 41,419 147,120 9
crit
Pt = 1,225 + 301 + 317 = 1,843 b,
crit
Using screws having an Fy, = 180 ksi, the allowable tensile load for a
5/16=-24 screw is PT 4 = 9,660 1b (reference Table 5).

9,660
s S.F, = 21—
F 1,843

= 5,24
=

Fuselage Tang

The tang is assumed to take all the load. Therefore, at the wing/fuselage intersection,

M
T

19,000 in-lb

7,850 in-Ib Reference Figure 3.
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25,458
z
X
i 1
- _--\
<~- ~L T 1 —* IS PR,
1
19,40 3.855
I = 0,1858 in.4 -
min ¥ =9,522
J = 0,4206 in.4 y = -0.238
¢ = 0,311 in,
_ (19,000) (0.311) _
fb = 1,858 = 31,770 psi
_ (7,850) (0,311) _
st 0,4206 = 5,800 psi
t's = 15,885-=5,880 = 16,935 psi
fn = 15,885 + 16,935 = 32,820 psi

The fuselage support will be machined from Ph 13-8 Mo H1000,

.-I S.F. = ﬁ = 5' 79

32,8 =

Elevon Panel

The moment about the ceunter line of the screws is:

M = 750 (1,70) = 1,275 in-1b

35

The estimated load on each panel for a deflection of 5 degrees is 750 1b, locatled as shown
on the following sketch,
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w2, 855—
0,50 :l 1.00 [~
BL 2.555— s —FBL2.623
' N8-32 SCREWS 11. 593
! (5) 0.32
|t 4§
: : —f_'— . . . N \it.
| 2 —IL-o.m 0. 133
1+ (TYP 5 PLACES) (TYP 3
L, PLACES)
I SECTION B-B
al " A NOTE- THIS VIEW 1S ROTATED 80° CCW
woequal L T &— 1 1 )
SPACES |
) 750 LB
| + -1° :‘
|
| 16'32 B
| /sanws &} A\P 4 >>%)
' .
|
' X = 1,20 IN,
I N 7 e 5.38IN. "~ ASSUMED BEARING LINE
II SECTION A-A
|
—I—
BL 14. 216 _' e
0.375 (TYP) L’\m
ELEVON PLANFORM
For Section B-B,
4
I = 0,0092in.
z = 0,12 in,
_ (1,275) (0.12) _
% 0.0092  ~ 16,630 psi

Elevon panels will be machined from PH13-8Mo H1000,

. 8.F, = <2 = 11,43
TRt T 18,68 ==
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Elevon/Wing Attachment Screws

Refer to Section A-A on preceding page.

Assume

p = 2/3(0.50) = 0,33 in.

The critical load on the screws is:

where

for

M A,

Certs PnEn A

An = cross sectional areas of screws.

0.078 in. 2,

6-32 screw A 1,405 1b

PTA

2
0.0124 in. , PTA

2,234 1b

8-32 screw A
M = (2.03) (750) = 1,523 in-lb

(3) (0.0078) +5 (0,0124) = 0,.0854 in.2

ZnA =
n
_ (1,523) (0.0078) _ -
Pt = 10.33) (0.0854) = 422 1b (on 6-32 screw)
crit
(1,523) (0.0124)
P = = 671 1b (on 8-32 screw)
. .08
tcrit (0.33) (0.0854)
_ 1,406 _
. S.F' - 422 - 3-33

Canard Panel and Bracket

AEDC-TR-75-60

The canard and bracket will be machined from PH 13-8Mo H1000 stainless steel. The
estimated load on the canard is Fc = 1,000 1b located as shown in the following

sketch,
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MS 27,50 ¥

4, 28:

BL4.14

+ |+
A A 0.85
+ -+ + B.L. 3.29
1
+ ! 4
l\ |
BLS.14 NS [ ,'+J
1.13
PLANFORM VIEW
% = 2,35 IN.
¥ = 1.961N.
F_ = 1000 LB
c
- 8,003 |
X
3.175
= 1.60 ¢ =
,f . :Tax 0.318 .
—_— $ [ —
) ’ ]
—10,70 =0.50
2,37 —=|'

SECTION BL 5,140

Canard and Bracket Section Properties

I J X z

MCP

c
Canard 0.0036 0.0078 4.16 0,012 0.171
Bracket 0.0072 0.0130 3.54 0.014 0. 168
Bending and Torsional Analysis
M T fb fst fn
Canard 960 670 45,600 14,690 49,920
Bracket 960 1,290 22,400 16,670 31, 280

* To centroid of section

f
b b

f =
n 2
The canard is more critical.
F = 190 ksi
ty
S 190
I, = m = 3.81

38
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Bracket at B, L. 4.14 with Canard Deflected 5.Deg.,

M = 1.96 (1,000) = 1,960 in-lb

T = 1,57 (1,000) 1,570 in-1b

I = 0,0085 in.4

J = 0.0104 in.4

¢ = 0,175
- g1.960) !0.175_) -
fb 0.0085 40,350 psi

(1,570) (0.175) _ 54 490 psi

T4 0.0104

b

= = 4|~ = S
£ =5 [2 -+—fst] 53, 420 psi

S.Fs = - = 3.56

Bracket Through Outboard Row of Fusélage/Bracket Attachment Screws (B.L. 3.29)

3.00

0.50 (TYP) 0.58 (TYP) 0.16

SN

-0.25 ('n'p)—l l__ ] fFe  o0.30

SECTION A-A
(REF PRECEDING PAGE)
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= 0,0054 in.4

—
|

= 0. 0127 in.4

J =

¢ = 0,15 in,

D = 1.48 in.

M = (2.81) (1,000) = 2,810 in~lb

T = (1.48) (1,000) = 1,480 in-lb

2,810) (0. 15)

£ - (2,810) (0.15) _

A S omse 78,060 psi
_ (1,480) (0.15) _ ‘

st 0.0127 17,480 psi

b [h

f
fn =3 +[2— -/-'ﬁ—fst]= 39,030 + 39,030—/——17,4.80

fn = 81,800 psi
190

S. L] = em— = [ ]
S TW =

[ &)

Canard/Bracket Attachment Screws

Screws will be in tension. Canard panel bending moment is assumed to act about a
bearing line taken at 2/3 of the edge distance. Torsion is assumed to act about the
centroid of the serew pattern.

3,50
1,
L, £, 0.15
+! |+ ’,
ASSUMED BEARING LINE u | ' | 1.25
S L+ —
[ I f
NO, 8-32 SCREW (4)/ LOAD 0.25 0.96
1.94-1/
1

M = 1,04 (1,000) = 1,040 in-Ib

T = 1.94 (1,000) = 1, 940 in-Ib
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The critical tension load is:

_ VP + T4y - 2
= 2 2
tcrit Enpn z“"'n 4

P

Zn pn2 = 2(0.17)2 + 2(0.92)2 = 1.7511n.2
2
Zn znz = 1(1.50)2 + 1(1.83)2 + 2(1.67)2 = 11,177 in.
- p = (1,040) (0.92)  (1,940) (1.67) 1,000
Tt 1,751 11,177 4
crit
Pt = 546 + 290 - 250 = 586 1b
crit
= -32
PT A 2,234 1b (for 8-32 screw)
_ 2,234
SCF. -— 586 - 3.81

Bracket/Fuselgge Attachment Screws

3.00
ASSUMED BEARING
LINES o 0.35 —e}  fe—0.50 (TYP)
1 €
‘ 1
r ’ = + +
1.w
i | | 2,20
+ +
Let BL 4.14
P, = 2/3 (0.35) = 0.23 4
1.96
zl = 2/3 (0.50) = 0.33 L3
At assumed bearing lines: Q\ LOA;
o]

M = (4,04) (1,000) = 4,040 in-1b

T =(1.48 + 1,00 + 0.33) (1,000) = 2,810 in-1b
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The critical tension load is:

M p2 T !'2 Fc
Pt = 7 3 2 + 22 + —=
crit “u n Zn n 4
2 2 2
Znp 2 = 2(0.23) + 2(1.23) = 3.132in,
n
2 2
z n I-nz = 2 (0. 33)2 + 2 (2. 33) = 11,075 in,
P _ {4,040) (1,23) + (2,810) {2.33) 1,000
t 3.132 11,075 4
crit
Pt = 1587 +591 + 250 = 2,428 1b
crit
PTA = 9,660 1b {for 5/16-24 screw) '
_ 9,660 _ |
S.F, = 2,428 = 3,98

Vertical Tail

The vertical tail will be machined from PH 13-8Mo H1000 stainless steel.
mated load is Yy = 1,850 1b located as shown in the following sketch

The esti-

~WL 20,85

—WL 18.615

WL 14,575

MS 54.56
X
d
1850 LB
! 1
1 ] {
]
I | |
7.95
8.20
x = 9,04 IN,
= 3,25IN.

y
1850 LB
Ty = 1850L

42
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Section at Root (W.L. 13.02)

M

T

T

SECTION WL 13,02 t < 0,490

X
I

]
c

(3.25) (1,850) = 6,018 in-1b

1,850d = 1,850 (9,04 + 0.25 - 4.42)

1,850 (4.87)

9,010 in-Ib

ma 0.470
= 4,42 IN,

= 0,0532 IN .4 X ——

e 0.1064 IN.4
& 0,245 IN.

i |
J

Ht -

4
65% CHORD

»>i
N —

(6,013) (0.245) _ o o0 -
0.0532 27,690 ps

- (9,010) (0,245) _ 20,750 psi

S.F.=

0.1064

£
t-;’- +[-2‘3+—fst]= 13,845 + 24,945 = 38,790 psi

190 _
38,79 4%

Tail/Fuselage Attachment

Screws will be in tension due to the bending moment. Pins will be in shear due to the
load and torsion.

0.35
(TYP)

8.20 |
6.00 Y
- Y Y vT
vT 1,10 (TYP) VT

= 1

1 3.60 lﬁ— +
- | r
‘ z 0.65 (TYP)
| \

Py NO. 8-32 SCREW (12)

\ASSUMED BEARING LINE
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Screws:

Assume bearing line at 2/3 of the edge distance.

2
Zn .r:n2 - 6(0.2332 + 6 (1.533)% = 14.426 in,

M = 3.60(1,850) = 6,600 in-lb

M p 1
P, = 22 - (6'6‘152) ‘52;533) = 708 Ib
crit Enpn '
For 8-32 screw, PTA = 2,234 1b
S.F, = 22284 _ 5 46
Pins:
T = 5.19 (1,850) = 9,602 in-1b
Due to torsion: .
_ T _ 9,602 _ 9,602
Psp =25 ° 2 (0.65 ~=3.0) _ 6.1 _ 1564 Ib
Due to load:
Yyr 1,850
— —— — _’ —
P - 2 -~ 2 - 925 lb

_ = [3.0 : 0.65
s [PV+Psy] P, = [3.07 (1,564) + 925]4—3.07 (1,564)

J
!

PS = 2,453 /=331 = 2,475 b

Pins will be machined from 18 Ni-300 grade steel.

F = 170 ksi
su
P
s 2,475
£ === - 20 psi
5 A T 0.7854 (0.25)2 _ °0»420 psi
170
S.F, = 5-0—.—42 = 3,37
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Rudder (10 Degree Deflection)

The rudder will be machined from PH 13-8Mo H1000 stainless steel. The estimated

rudder load is 290 1b.
ASSUMED BEARING LINE

Y =290 LB

| \/
10 DEG

d=0,78

TYPICAL CROSS SECTION

WL 14,575
4,31 ]

0.114 0.102

1 ! E I 1 MCP

SECTION THROUGH ROW OF SCREWS
(ROTATED 70* CW)

Section Throu)gh Row of Screws

M = (1,03) (290) = 299 in-lb

Assuming an average thickness and considering the screw holes,

3
- Re3-s (0'11328)] (0-108) _ 0.00038 in.*

I

_ (299) (0.057)

b = To.o00s8 ~ ‘r4»850psl

190
S.F., = 14.85 4.24

Attachment Screws
Screws will be in tension. The assumed bearing line is at 2/3 of the edge distance.
p = 2/3(0.25) = 0,17
= (1,36) (280) = 394 in-1b
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p _ ﬂ _ 394
tcrit 5p (5) (0.17)
for 6-32 screw.
PTA = 1,405 1b
_ 1,405 _
S. F. - 464 - 3.03

Sting Supports

= 464 1b

Three support systems are analyzed. Relative clearances of both straight
stings with respect to the aft end of the model are determined.

Support System No. 1

MS 45, 51,06 63,00 END OF MODEL
45|85 3.350 TO 68,44
T -'.i. 125 DlA [—=x 2.875 DIA 3.00 l?l—? 0.75
I pM . —= DIA
ap N wawawce f77Tomomes T A\
X ==t 3 - X
B I — Y —
_________ ) ( 'T
NF {
% t f
A B C

Support System No, 2

MS 45, 85 50,88 END OF MODEL 68, 44
! I
] i i .
“““““ by
BALANCE | _____ N __L
Wl 3 - x
F-——-- Te——y—— e = —-—U
________ o
NF | {
2 2.625 DIA 0.75 DIA | 2.50 DIA
A 3 C
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Support System No, 3

MS 45,85

2z
II’M

—. !

AEDC-TR-75-60

~

NN T
\ c‘ = U
29,10 8,0 )'—\-{-ﬁ—l_y
Y
4 3 S
+++|—2%_ C = 1.5 —= —
x + ) )
' -J SECTION A=A
23, 82 - A .0
28.90 -
Table 6, Support Systems Load Summary
N,F, PM SF YM AF RM
System (1b) (in-1b) (Ib) (in=1b) (1b) (In-1b)
1 15,310 9,000 1,850 =32, 840 1,800 12,600
2 7,450 4, 380 900 -15, 980 875 5,265
3 15,310 9, 000 290 - 6,400 1,800 12,600
Critical Section Properties
System Station/Section J 4 IS' 4 Iz 4
(in.) (in. ) (in. ) (in, )
1 M.,S. 68.44 1.50 7.924 3.962 3.692
2 M.S. 68.44 1.25 3.804 1.902 1,902
3 A=A 4/1.5 * 19,848 85.333 17,333

*See sketch of Section A-A
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Bending and Torsion Analysis

M ' f f S.F.
System My Mz X tbmax st n
(in-1b) (in-1b) (in-1b) (ksi) (ksi) (ksi)
1 354,850 8,950 12, 600 134.29 2,38 134.42 2,08*
2 172,680 4,350 5,265 113.52 1.73 113.55 2.46*
3 503,840 1,980 21,040 23,62 4.23 24.35 7.80T

* 18 Ni-300 grade steel (I-"ty = 280 ksi) for systems 1 and 2.
1 PH 13-8Mo H1000 stainless steel (Fty = 190 ksi)y for system 3.

Mec Me¢c
£ = f e £, = I—y #IL (for systems 1 and 2)
max y z v Z
M cz Mzc
fb = tb + fb =—LI + _!I (for system 3)
max y z y 2
f max fbmax
Lo - 7 iy
where: chz
fst = I (for system 8)
Fty
S.F. = f_

Support System No. 3 Attachment Bolts

Six 3/4 shoulder bolts are used for the attachment. The bolts will be in double shear.
About the centroid of the bolt pattern:

My = 9,000 + 15,310 (22,987) + 1, 800 (28.683) = 412,560 in-Ib
The centroid of the pattern is shown in the following sketch,

The critical bolt is designated (6) in the sketch.
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Due to the moment,
M 4
Yy Zn Enz.

where

L = 0-932 in.

£ = 2.453 in.

2

z3 = 2,953 in.

3.25 RAD

£4 = 3,760 in.
L = 4,104 in.

5 1n
L = 4,659 in.

6

2
J.Zn Ln = 68,293 in.
_ 412,560) (4.659)

PSMy_ 8. 395 = 28,145 1b
Due to N.F.:
P, = NF -1-5-'539 = 2,552 1b
NF D
Due to A.F:
AT 1,800
PS =5 = '—6— = 300 1b
AF

The resultant critical shear load is:

J
w
n

4.167 2.083
- 4.167 5 2.083 o
= Pgy7Psy (Ps *2.659 SM)+’(PS * 2. 659 SM)
crit NF AF

P
crit

(2,552 + 25, 173)—/=(300 + 12,583) = 30,572 1b

The allowable load for bolts in double shear is:

PSA = 95,426 1b (Based on Fsu=108 ksi)
95,426
.. S.,F., = = 3.12
S.F. = 30,572 - 2
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Relative Clearances for Systems No. 1 and No. 2

8ince most model geometries must be revised to accommodate the model sting plus
model/sting clearance, the computation of the clearance required between a sting and
a model due to sting and balance translations and deflections under loads is of great
importance to the model designer. Referring to the sketches on page 39, the relative
clearance at C between the sting and fuselage is given by:

- inches).
zg ( )

= (5 - + 4 }
GC (.,TAC STAB) (BB 0 BAL
GB = Rotation of sting at B (degrees) with respect to C.
AGB AL Balance rotation at A (degrees) with respect to sting at B.

Zy = Displacement of sting at B with respect to C (inches).

o _fc Mds _fc M (B-A + x) dx
B Jp E B EI

6
For 18 Ni-300 grade steel: E = 27 x 10 psi.

Relative Clearances

1 1
uB( ) eB(z) Zy Vg AGBAL(3) 6C( ) Gc(z)
System  (degrees) (degrees) (in,) (in.) (degrees) (in,) (in.)
1 2,384 0.080  0.425 0.004 0,751 0,526 0,248
2 2.218 0,069  0.414 0.003 0,751 0,495 0,248

{1) InN.F. direction,
(2) InS.F, direction.
{3) Assumed balance rotation of 0, 751 degrees,

Fuselage and Sting Windshield:

Structural analyses of the fuselage (including joints) and the sting windshield due to
model running loads and duct differential pressures indicated that these details were
not critical.
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SECTION VIII

CANARD BALANCE SYSTEM

8.1 INTRODUCTION

Load-measuring devices are often desired for individual control sufaces for wind
tunnel tests. An example of the design of a type of system for measuring loads on
the canard is presented in this section.

A three-component balance is required for measuring normal force, hinge moment,
and root bending moment, A canard containing an integral three-component balance
is shown in Figure 11. A balance could be designed and fabricated as a separate unit
(usable for other canard configurations); however, some compromises in balance
accuracy would result due to mechanical joint stress, which would be transmitted to

the strain gages through the balance-to-canard joint.
8.2 BALANCE MOMENT REFERENCE AXES

The balance and canard root bending moment axes, balance hinge moment axis, and
the canard hinge moment axis are shown in Figure 11. Note that although the balance
and canard hinge moment axes are not the same, the balance hinge moments may be
transferred to the canard axis (or any other location) by using a transfer term.

8.3 BALANCE DESCRIPTION

Three balance sections are shown in Figure 11. Section A-A (the most highly loaded
section) has a safety factor = 2.64. Pockets are milled into the balance surface at
both of the strain gage bridge locations, Section B-B and Section C-C. Section C-C

is the most highly stressed section and has a safety factor = 2.27. The pockets re-
duce the strain gage bridge stress since the decrease in the distance from the neutral
axis to the bridge location is accomplished with a much smaller decrease in the section
moment of inertia, The N, bridge is located at Section B-B and the N, and hinge
moment bridges are located at Section C=C. A cover plate (not shown in Figure 11) is
required to protect the balance area and to maintain the canard countour.

8.4 SUMMARY

A summary of canard loads, structural analyses, and strain gage bridge stresses and
outputs are presented in Table 7.
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CANARD HINGE MOMENT AXIS

A

>

4.280

3.650

3.000 —=

4 |+ ?

/BALANCE HINGE MOMENT AXIS

N, GRID §

CANARD CENTER
OF PRESSURE

N; & HINGE MOMENT GRID G_

0

tt
t

COVER PLATES
FIT HERE
TOP & BOTTOM

H !
J 1000
ff——— | 1060

CANARD AND BALANCE
ROOT BENDING NOMENT AXIS

CANARD LOADS

5.710 NORMAL FORCE = 1000 LB
HINGE MOMENT = 2350 IN LB
ROOT BENDING MOMENT - 1960 IN-LRB
= 1480~
—2 350 — )
9.890 Nt & HINGE MOMENT
STRAIN GAGE
0.105 ] 0.150
r0.210 Ny STRAIN GAGE 0075 BRIDGE LOCATION
0.210 r0.037 BRIDGE LOCATION 0027
{ - - 0.074 ] r 0,054 !
ALLLLALL SR RNA R LY, SO AL S LS SRR . s W\ | - AU AL LR RSN
AL LRRAL Attt e L, , A LN ] = p— NESSSEESRY h
' 3.000 ' 030— | I: r osoo—d @ |-
0.15 - 0.250-—| ~ 00
1.500
3,000 3.000 A
SECTION A-A SECTION B-B SECTION C—C

Figure 11.

Three-Component Canard Balance
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Table 7. Summary-Canard Loads, Structural Analyses, and Balance Characteristics

Structural Analyses Strain Gage; -Brldge Stress Strain Gage Bridge Output
Maximum
Maximum Hinge N N Hinge
Bending Moment N N Hinge 1 2 Moment
Stress Stress Safety 1 2 Moment (millivolt/ | (millivolt/ | (millivolt/|
Section (psi) (psi) Factor (psi) (psi) (psi) volt) volt) volt)
A-A 88,900 34,970 2.64 - - - - - -
B-B 79, 830 34,970 2.84 - 28,500 - - 1,90 -
C-C 52,600 67,800 2,27 19,400 - 25, 000 1.30 - 1.70
Canard Loads: Normal Force = 1,0001b
Hinge Moment = 2, 350 in-1b
Root Bending Moment = 1960 in-1b

09-64-H1-0AQ3y
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SECTION IX
EJECTOR THRUST SIMULATION

9.1 INTRODUCTION

This section presents the results of a brief study to estimate the characteristics of an
ejector thrust simulator for a powered model in the high Reynolds number transonic
wind tunnel (HIRT). The discussion is in two parts: the first part treats propulsion
system inlef flow simulation and the second part presents exhaust flow simulation
discussion.

-

9.2 INLET FLOW SIMULATION

This portion presents the analyses of an ejector simulator designed to provide the scal-
ed propulsion system flow of a fighter aircraft. The propulsion system simulation is
for the Delta-Canard aircraft at the cruise conditions of 0.9 Mach and 40, 000 feet. The
Reynolds number per foot representing this condition is 17, 2 x 10° (Reference 1).

The HIRT tunnel conditions which represent this condition were obtained from Reference
4. At 0.9 Mach and a Reynolds number per foot of 16. 52 million, the model is
subjected to the following environment:

Po = 21. 88 psia
Pro = 37psia
TTo = 417.6°R
Vo = 801 ft/sec

K was assumed that the tunnel is pre-cooled to -33°F (432°R),

The ejector simulator geometry was constratned to the internal flow passage of the
1/9. 6 Delta~-Canard model with a blade model support (reference Figure 8). The re-
sultant ejector design parameters are shown in Figure 12,

Figure 13 presents the ejector thrust per pound of inlet flow at the stipulated wind
tunnel conditions as a function of the inlet system pressure recovery and secondary to
primary flow ratios. Included in the graph is a curve of the full scale fighter aircraft
engine thrust per unit inlet flow as a function of inlet pressure recovery. The lowest
pressure recoveries represent the highest power setting. The analysis shows that the
ejector provides the proper range of thrust/inlet flow to simulate the fighter aircraft

4. Curves of Flow Properties for HIRT Operation, USAF, June 28, 1972.
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Wp DESIGN:
2
A = 8.0IN.
/_' Ap= 0.4 .2
\ A A = 8,4IN.2
P = 8.4 1IN,
w ____l m 2
s A A A A = 10,81N.
—_— Y m e e
il Wp = 0.927 LB/SEC
r T | e voTR
STATION 2 STATION 3 - = 520°R

STATIONe ITp

Figure 12. Ejector Schematic

cruise condition in a HIRT tumnel. The analytical procedure used is presented in
Section 9. 3.

A similar plot could be derived showing the thrust/inlet flow dependence on the exhaust
diffuser area ratio. Increased inlet flows are available with increased diffuser area
ratio, up to the choking flow or diffuser flow separation. Since the model geometry
limits the diffuser area ratio to 1.438, this relationship was not pursued.

Figure 14 shows a plot of the exhaust nozzle pressure ratios of the ejector simulator.
These values of nozzle pressure ratio are consistent with the data of Figure 13. The
nozzle pressure ratios are all suberitical.

9.3 ANALYTICAL PROCEDURE

The ejector analytic procedure used in this study considered isentropic, incompressible
flow. It was assumed that the ejector primary flow, Wp, was fixed by assuming the
primary total pressure, PTP = 100 psia, the total temperature, TTP = 520°R, and the

nozzle area, Ap = 0. 4 square inch.

Wp = 0.5283 Py, Ap /VTp, )
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NOZZLE PRESSURE RATIO

1.80

1,76

1.70

1.66

1,60

FN/ws {sec)

10

50

40

30

20

10

TEST CONDITIONS:

MACH = 0.9
ALT = 40,000 FT
STANDARD DAY

—=—=—FIGHTER AIRCRAFT,
OPERATING LINE

P /P =1,00
T2 To

EJECTOR DESIGN
PARAMETERS.

As/ Ap =20

- !

CHOKED SECONDARY FLOW A/ (Ag + Ap) =1,438

Figure 13. Ejector Jet Simulator Performance

TEST CONDITIONE:

MACH= 0,9
ALT = 40,000 FT
STANDARD DAY

Figure 14. Ejector Nozzle Pressure Ratio
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The secondary flow, Wy, duct pressure recovery, PTZ/PTo' and secondary-primary -
pressure were assumed. The secondary-to-primary area ratio was assumed. There-

fore, the secondary flow and flow area are defined.

Wy = Wp (W /Wp) and Ag = Ap (A /Ap)

The static pressure in the mixing tube, P3, must be computed to calculate the nozzle
exit conditions. It is assumed that the static pressure in the mixing tube is the same
as in the unmixed secandary stream, P,. The pressure, P,, can be calculated from

the following relationships:

* (M P/Pp)y = WVTqy/Ag Ppy

where Tpg = TTo R from tunnel conditions
Prg = Ppo Pra/Pry)
P, = tunnel total temperature, psia

Since Mach number is directly related to m,

. »1 2{1/2
m=0.9185M]1 + ry M

where ¥ = ratio of specific heats,

and pressure ratio is a function of Mach number,
X
Y1 2191

+“Pg = Ppy/®p/P),

The conditions in the mixing tube (subscript 3) are:

Pg = Pg
TT3 = Wy Tpg * Wp Tp) / Wy + W)
mg = (Wg +Wp)VIrg/Ps Ag

The Mach number is determined from Equation 3 knowing rhs.

the mixing tube, Prg3, is obtained from Equation 4 and Pg.

Pr3 = P3 (P7/P)3

57
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The diffuser area ratio, Ag/Ag = 1.438. Also, -

Ag/Az = (Ag/A*) / (Ag/A¥) ®
where A* is the area which produces sonic flow.

xX+1

2(v-1)
AJAK = — 2+ (y-1) M* (6)

M v+1

To determine the exit Mach number, Ae/A* is determined from Equation 5 and sub-
stituted in Equation 6. The exit pressure ratio, (P/P), is obtained from Equation 4.
The exit static pressure is then

Pe = PT3/(PT/P)e

The exit static temperature is
LA

Te = T3 (1+ 5 Me)

The exhaust velocity Vg = 49.02 MgV Te. The net thrust, Fy, can then be determined:

(Wg + Wp) Ys %
L g Vet Ag (Pg-Pp) - g

9.4 EXHAUST FLOW SIMULATION

The simulation of an exhaust jet in a HIRT facility should be no different than in other
type wind tunnels. An ejector simulator such as discussed in the previous section can-
not be used to simulate inlet flows and exhaust jet characteristics. The exhaust nozzle
pressure ratio for the ejector does not approach that of the fighter aircraft. The ejector
nozzle pressure ratios are in the sub-critical range (Figure 14). The fighter aircraft
has a nozzle pressure of approximately 4.

To simulate the high pressure ratios it is necessary to use a different type of thrust
simulator than an injector.

9.5 SUMMARY
Inlet and exhaust system testing must be conducted on separate tests.

Theoretical analysis shows that an ejector simulator can provide the range of thrust/
inlet flow required by a fighter aircraft.

Jet aircraft exhaust nozzle pressure ratios exceed those attainable from an ejector;
therefore, for exhaust simulation a jet nozzle with a blocked inlet is recommended.
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SECTION X
F-111 MODEL FOR HIRT

General Dynamics, Fort Worth Division, has recently designed and fabricated a 1/12-
scale wind tunnel model of the F-111 for use in the Ames 11-foot and the AEDC 16~
foot wind tunnels. This section presents a cursory look at the limitations of this model
design, updated for HIRT materials, for use in the HIRT facility.

10.1 MODEL TEST PLAN

A study of model aerolastic characteristics with reference to the flight vehicles (Ref-
erence 5) is being conducted concurrently with this study, and the F-111 is one of the
aircraft being analyzed in the aeroelastic study. A test program was developed for
that study, which included testing an F-111 model at full-scale Reynolds number, 0.75
Re, and 0.5 R, at ambient tunnel temperature; and at full-scale Ry, at -30°F tunnel
temperature, This test plan (Table 8) is used to illustrate some typical conditions for
a HIRT model.

In Table 8, computer runs Bl through B5 are for full-scale Rg at M =0.9 and 10,000
ft; F1 through F5 are for 0.75 R,; G1 through G5 for 0,50 Ro. Runs HI through H5
represent full Ry run at ~-30°F tunnel temperature. (Note that full Rg at ~30°F requires
approximately the same tunnel dynamic pressure as 0,75 Re at ambient temperature. )
Series A, C, D and E are for full R, at various Mach numbers and altitudes.

10.2 MODEL DESCRIPTION

This analysis is based on the general design of the existing 1/12-scale F-111 "High
Strength" force model with these exceptions:

a, The model's existing experimental wing was replaced with a fixed 50-degree sweep
wing as discussed in Reference 1.

b, The model support system was replaced with a sting sized to use the maximum
amount of available space within the existing geometry. (Reference Section 10.5,1.)

5. "Study of Model Aeroelastic Characteristics in the Proposed High Reynolds Num-
ber Transonic Wind Tunnel (HIRT) in Reference to the Aeroelastic Nature of the
Flight Vehicle, " AEDC Report, AEDC-TR-75-62.
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Table 8. F-111 Test Plan (50-Degree Wing Sweep)

Alrplane Tunnel Tunnel
Mach no Load dynamic dynamic Tunnel R /tt Model Charge
Computer M ' Altitude factor pressure pressure temperature 6 o Pressure
run no. ° (108 £ @ ®sh (pst) *F) (0% (deg) (psia)
Al 0.90 30 1.0 357 4248 7" 30,8 4.90 150
A2 0.90 30 1.5 357 1244 \ 30.8 7.20 150
A3 0.90 30 2.0 357 4248 30.8 9.40 150
Bl 0.90 10 1.0 824 7891 57.7 2.40 260
B2 0.90 10 2.0 824 7691 57.7 4.40 260
B3 0.90 10 3.0 824 7891 57.7 6.40 260
B4 0.90 10 4.0 824 7891 57.7 .35 260
B5 0.%0 10 5.0 824 7891 57.7 10.30 260
c1 0,70 10 1.0 498 5256 4.9 3.60 830
c2 0.70 10 2.0 498 5256 4.9 7,70 330
c3 0.70 10 3.0 498 5256 4.9 11.50 330
c4 0.70 10 3.4 498 5256 44.9 13,20 330
m 0.90 20 1.0 5512 5900 43.3 3.40 205
D2 0.90 20 2.0 551 5900 43.3 6.40 205
D3 0,90 20 5.0 551 5900 43.8 9,40 205
D1 0.90 20 4.0 551 5900 43.8 12,40 205
El 0.70 20 1.0 333 3700 31.5 5.5 170
E2 0.70 20 1.5 333 3700 31.5 8.4 170
E3 0.70 20 2.0 333 3700 31.5 116 170
E4 0.70 20 2.5 333 3700 31.5 14.3 170
F1l 0.90 10 Lo 824 5846 48,2 2.40 205
F2 0.90 10 2.0 824 5846 43.2 4,40 205
F3* 0.90 10 3.0 824 5846 43,2 6.40 205
F4 0. 90 10 4.0 824 5846 43.2 8.35 205
F5 0. 90 10 5.0 824 5846 43.2 10.30 205
Gl 0,90 10 1.0 824 4104 28.9 2.40 140
G2 0. 90 10 2,0 524 4104 28.9 4,40 140
G3* 0, 90 10 3.0 824 4104 28.9 6.40 140
G4 0.90 10 4.0 824 4104 ) 28.9 5.35 140
G5 0,90 10 5.0 824 4104 ™ 28.9 10.30 140
H1 0,90 10 1.0 824 5840 -30° 57.7 2,40 200
H2 0,90 10 2.0 824 5840 ~30°* 57.7 4.40 200
H3 0.90 10 3.0 824 5840 -30° 57.7 6.40 200
H4 0. 90 10 4.0 824 5840 -30° 57.7 8.35 200
Hs 0. 90 10 5.0 824 5840 -30° 57.7 10.30 200
* For "F" series, flight Re/lt+ tunnel Re/ft = 0,75
= 0,50

** For "G" series, flight Re/ft-g. tunnel Re/ft
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c. All model components are assumed to be fabricated from PH13-8 Mo H1000
stainless steel,
d. The model sting is fabricated from 18 Ni-300 grade steel.

e. The existing balance is replaced with a 3. 0-inch-diameter balance, which has the
load capacity shown in Figure 5, Section IV.

f. The fuselage center section is revised to accept a 3. 0-inch-diameter balance.
10.3 MOCDEL LOADS AND STRUCTURAL REQUIREMENTS

The existing 1/12-scale model was designed to be tested at the Ames 11-foot and AEDC
16-foot wind tunnels at tunnel dynamic pressures up to 1440 psf. The Ames 1l-foot
requires a safety factor of 5. 0 and the AEDC 16-foot requires a safety factor of 4.0 on
material ultimate tensile strength. At these continuous circuit wind tunnels, a model
failure could result in a costly tunnel failure; therefore, a conservative approach to
safety factor requirements is essential. The HIRT facility does not need to be as con-
servative (since a model failure should result in relatively small tunnel damage, if
any) thus a requirement for a safety factor of 2.0 on yield is appropriate.

The test plan (Table 8) calls for tunnel dynamic pressures up to 7891 psf. Model

normal force loads for each of the conditions in the test plan are shown in Figure 15.
Load limits for 2.50- and 3. 0-inch-diameter balances and for the model sting are also
shown on Figure 15. Limit loads, based on existing designs, are computed for the
horizontal tails, vertical tail and rudder, Test plan computer run B5 is used for wing
loads. Sting loads are based on the 3, 0-inch-diameter balance combined loads eapability.

10.4 STRUCTURAL ANALYSIS, F-111 MODEL
10.4.1 mIntroduction
The structural analyses performed are:

a. Support system for combined loads and for limit load.

b. Relative clearance between model and sting.

c. 50-degree sweep wing panel at critical section for 100% chord and 65% chord wings.
d. Horizontal tail panel and fuselage attachment.

e. Vertical tail panel, rudder, and attachment.
Model component loads and stresses are based on loads as defined in Section 10. 3.
PH13-8 Mo H1000 and 18 Ni-300 grade steels are used as the basic materials. The

mechanical properties of each are shown in Table 3 (Section 7). The allowable tensile
and shear loads for the threaded fasteners are found in Table 4 (Section 7).
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ag

NOTES-
) See Tuble 8, computer runs A through H.
{2)  Speeihed loading (side force, yawing

24 moment and rolling moment equal zero). B (l)
= 1)  See sung load conditions, Section 10.7 D.IH
nie
1.0 IN. DIA BALANCE () - -

— STING LIMIT (3)

G 16— oy
e 2,5 IN. DIA BALANCE (2) E
) -
g -
E_ 12— 4,018, DIA
s BALANCE
=
[-4
[=}
Z gl
/ / 2,5 IN. DIA BALANCE ﬁ
L /
0 | L L l L 1
0 2 4 6 8 10 12 14

ANGLE OF ATTACK (deg)

Figure 15. F-111 Model Normal Force versus Angle of Attack

10,4,2 Summary of Structural Analyses

The results of the structural analyses performed on the F-111 model indicate that:

a. If the allowable distortion of the base of the airplane lines is limited to the
geometry used for this model, the critical section of the sting is located at the
aft end of the model. The optimum sting design results in a safety factor of 2,57
when subjected to the combined loading capacity of a 3. 0-inch-diameter balance.
The limiting load in the normal force plane is 18,200 pounds.

b. The safety factor for a 100% chord, steel wing is 3.06 while a wing with the aft
35% of the chord removed to simulate control surfaces has a safety factor of 2.865,

¢. The allowable loads for each horizontal tail panel (1460 pounds), the vertical tail
(3340 pounds) and the rudder (1025 pounds) are limited by the requirement for a
S.F.=3.0 on the attachments, It should be noted that the 3340 pound allowable
load on the vertical tail would exceed the yawing moment limits for a 3. 0-inch-
diameter balance.

Table 9 is a summary of the achieved safety factors for the F-111 model. Safety fac-

tors of 2,0, based on material yield stresses, and 3.0, based on allowable loads for
threaded fasteners, are used as the design limits.
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Table 9. Summary of Achieved Safety Factors for the 1/12-Scale F-111 Model

Limit Load
Component/location Mode S.F. (lby Page
Support System
Section at M.S. 71,88 Combined Loading 2,57 58
Limit Loading 2.00 18,200 58
Wing Panel
Critical Wing Section: 100% Chord Bending + Torsion 3,06 60
65% Chord Bending + Torsion  2.85 60
Horizontal Tail
Section at B. L. 8,184 Bending + Torsion 2,00 2,970 63
Bracket at B. L. 5.684; -30° incidence Bending + Torsion 2.00 3,400 64
Attachment Screws - Bracket/Fuselage
Juncture; 0° incidence Tension 3.00 1,460 66
Shear Pins - Bracket/Fuselage
Juncture; -30° incidence Shear 2,00 1,870 67
Vertical Stabilizer
Bracket at W. L. 17,083 (Root) Bending + Torsion 2,00 5,570 69
Attachment Screws - Bracket/Fuselage :
Juncture Tension + Shear 3,00 3,340 T1
Rudder
Bracket ~ Section through Attachment
Screws Bending 2,00 1,000 72
Attachment Screws - Bracket/Vertical
Stabilizer Juncture 3.00 1,025 72

10.5 DETAILED STRESS ANALYSES

10.5.1 Support System

The support sting is made from 18 Ni-300 grade stainless steel. A sketch of the

sting/balance arrangement follows.
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M.S, 43.14 M.S. 56.50 E.O.M.
JFy M.s. 48.49 M.S. 71.88
1
! V Fe—x |- - - —————— —
xro ___D'_———__—————___-—-'—*x
| ===
y  3.00 DIA
BALANCE TOP VIEW
_.‘ I-_z.'szs 1°6°_'| . l’_
1.974 D z z -*——
y y y@y ' 3.75 ¥ y
z z z 2.625 ]IL Tz
| L — 1
Fy I |
x e Lomm oo ‘% x
z 4, 50— 0.75 DIA
A L M.5.52.99 REF) ¢
BMC
SIDE VIEW
Sting Load Conditions
F M 'F M
N ] v v ] . Mx FA
Mode (1b) (in-1b) (Ib) (in-1b) (in-1b) (Ib)
Combined (1) 13, 000 0 1,300 -23,500 9,100 1,300
Limit Load @ 18, 200 0 0 0 0 1,300

o}
(2)

Based on 3, 00-inch-diameter balance limits (Reference Figure 5, Section Iv).

Limit load for sting shown above,
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Sting Section Properties

Area Iy Iz ZP cz cy
Section (in. %) .Yy @t @nhy () (in. )
M.S. 52,99  3.830 3.211 3,211 3,195  1.313  1.313
M.S. 56.50  6.449 3.941  3.941 3.750  1.313  1.313
M.S. 71.88  5.358 7.016  1.264 2,510  1.875  0.80

Bending and Torsion Analysis (Combined Loading)

f
My Mz fb fst “max
~ Section (in-1b) " (in-1lb) (ksi) (ksi) (ksi) S.F.
M.S. 52,99 128, 050 -10, 700 56.74 2,85 56. 88 4,92
M.S. 56.50 173, 680 -6,130 59.91 2,43 60,01 4.67

M.S, 71.88 373,620 13, 860 108, 62 3.63 108.74 2,57

Bending and Torsion Analysis {Limit Loading)
f
M
-y nmax

M.S. 52,99 179, 270 73.30 3.82

M.S. 56.50 243,150 81,01 3.45
M.S. 71.88 528,070 139.79 2,00

M ¢ M ¢
£ =y z zZ Yy
b I I

y z

Mx
f =
st ZP

f

n % T (f?b*"fst)

Material used is 18 Ni-300 grade steel (Reference Table 3).

F,_ = 280 ksi
ty
F
so F- = ty
f
n
max
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Relative Clearance (Model to Sting) at End of Model (M,S, 71.88)

GC = (STAC - STAB) (QB - AQBAL) - ZB (Reference Section VI)

C
. Mds
= —— =0.0514 rad
qB '4. EI radian

7 = Mmds

BB El

= 0.670 in.

AQBAL =0,0174 radian (assumed balance rotation of 1 degree)
50 = (71.88 - 48.49) (0.0514 + 0.0174) - 0.670

GC = 1.609 - 0,670 = 0. 939 in.

Wing Panel

The analysis is based on the wing being machined from PH13-8 Mo H1000 stainless
steel. In Reference 1, it was determined that the critical wing section is located at
the intersection of B. L. 6.46 and the elastic axis for the 50° wing sweep position. The
accompanying plan view shows the location of the critical section {wing section A),

PLAN VIEW

\ - B.L. 0.0

/’/‘ j

B.L. 6.46
CRITICAL )
WING SECT
50 DEGREE WING SWEEP POSITION
ELASTIC AXIS

100 percent chord and 65 percent chord solid steel wing configurations are analyzed,
Typical cross sections of both configurations follow:

66



AEDC-TR-75-60

TYPICAL CROSS SECTION

= NEUTRAL
. C= -10.30 ‘ AXIS
U\
~
L - —————] 0
) 65% C MFG CHORD PLANE
L
(REMOVE FOR 65% CHORD
CONFIGURATION)
Wing Section Properties (Critical Section)
c c
Chord Area 4) L ] I J 4
(%) (in. 2) (in.) (in.) (deg) (in. %) (in. %)
100 8.117 0.584 0.576 0.26 0.652 1.190
65 6.005 0.583 0.577 1,12 0.564 1,049
Wing panel loading is based on computer run B5 in Table 8.
Wing Bending and Torsion Analysis
Chord M T £b fst fn

(%) {in-1b) (in-1b) (ksi) {ksi) (ksi) S.F.*
100 67,650 19, 850 60.61 9.75 62, 14 3.06
65 67,650 19, 850 69. 95 11,04 71.64 2.65

*Based on material yield allowable of Fty =190 ksi.

The wing is a fixed sweep angle wing (similar to the design anzalyzed in Reference
1), which is bolted to the fuselage center section. Previous analyses have shown that
this type of attachment is less critical structurally than other portions of the wing;

therefore, no analysis is given for the wing-to-fuselage attachment.
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Horizontal Tail

The horizontal tail panels, brackets and attachment are analyzed to determine a
limiting load. Except for screws, a safety factor of 2.0 on yield is applied,

The following plan view, C. P, location, attachment design, and section properties
are taken from Reference 6.

PLAN VIEW

M.S. 64.188
1.562—

3. 125—-—|T-—_—1 1.50

BRACKET. + 4+ 4+ !
N+ 4+ 4+
. A B.L. 5.684
+ + .
A
¥ o4+
‘I' \ i d 5.1, 5184

B.L. 9.160
o\\C.P.

Ae (EXPOSED PLANFORM

2
AREA) =77.4 IN PANEL

M.S. 65,498

Panel incidence angles of zero and -30 degrees are assumed.

6. W. A, Rogers, M. F. Thomas, "Stress Analysis 1/12 Scale F-111/TACT High

Strength Force Model, " General Dynamics Fort Worth Division Report FZS-
595-019, 27 July 1973.
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209 C 50% C

X

SECTION A-A
(B.L. 8.184)
Section A-A
z = 0,048 in.
t = 0.464 in. (at 50% chord)
max
cU = 0,280 in,
4
I = 00,0153 in,
X
4
J = 00,0313 in.

A; (planform area of panel outboard of Section A-A) =43.6 in. 2 with centroid at 2.10
in. outboard and 3.60 in. aft of section centroid.

Let P1 represent the load on the panel outboard of Section A-A and P the total allowable
load on the panel.

S BTN
P, =P~ = P = 0.563P
e
M = 2.1P =1182P
A-A
M = 3.6 P = 2,027 P
Ya-aA
M
*a-A U _ (1.182) (0.28)
£ = . = L= S P zLen P
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M
y c .
_ JA-AU _ (2.027) (0.28) _ _
fst 3 0. 0313 P 18,133 P
f f
_b, D
& 2 " 37
f = 31,929 P
n
F
S8.F, = th = 2.0 based on material yield allowable
n .
F
3l.e29p 29
F
vy __
63, 858

For PH13-8 Mo H1000, Fty = 190 ksi

.. P = 2,970 Ib (per panel)

Bracket at B. L. 5.684

M.S. 64,188

3.125

. . .
‘ 0. T.,s 1. 563<| I)/(,{

]X;_ X\'N—L" = —

0.155 l| 0.80 é 3‘§/ |

X
—1.75

0° HORIZONTAL TAIL INCIDENCE -30° HORIZONTAL TAIL INCIDENCE
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Bracket Section Properties at M. S, 5. 684

I

Incidence A2 c x4 J 4
(deg) (in, ™) (in.) (in. ") (In. )
0 1,341 0.314 0.032 0,089
-30 0.753 0.280 0,020 0.031
Mx = (9.160 - 5.684) P = 1.612 P
My = (65.498 - 64,138) P = 1,360P
Bracket Limiting Loads
Incidence fb fst fn P (1b)
(deg) {in-1b) (in-1b) (in-1b) PH13-8 Mo
0 15,818 FN 4.798 FN 17.158 FN 5,540
-30 22, 12,2 . .
3 2,569 FN 84 FN 27.965 FN 3 40_0

Bracket/Fuselage Attachment

The following sketches show the screw pattern and assumed bearing lines for both
positive and negative loading conditions. A positive load is assumed for -30° incidence.
Bearing lines are located at 2/3 the edge distance.

Ten 1/4-28 screws are used, These screws will be in tension only. The two 3/16~
diameter pins shown will take out any shear loads present.
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BEARING LINE FOR M_ BEARING
/ LINE FOR M_
L o
, 2 | _0.631 TYP N\ 2
1 -—0.30 TYP 2,
Py [’_ | 0530 "'I 1
T
[+ + + + A i [+ + + + )o.50
2 Voo n ' _L
L +++-¥-+—i- 2 +
+ + - + +
S 3/16 DIA PIN / P I__1_90_.| N
BEARING P . 0.25
PINE 4 . BEARING LINE .
FOR M L | FOR M
y 5 X
oo INCIDENCE —30° INCIDENCE

For 0° Incidence:

pl = 2/3 (0.30) = 0.20 in.

p, ~ 0.20 + 0.70 = 0. 90 in.

znpn2= 5(0.20)2 + 5(0.90)2 = 4.250 in. 2
L, = 2/3(0.30) = 0.20 in.

L, = 0,20+0,631=0,831 in,

£, = 1.562in. - .
£, = 2.193in,

L, = 2.824in.

2

EMD =2 [(0.20)2 + (0.831)2 + (1.562)2 + (2. 193)2

The load on the critical screw is:

o ) Mx P, ) Myz

t
crit Znp 2 Ing
n n

5

+ 2
2 n

72

2
+ (2.824)°) = 32, 262 n. >
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Mx = (3.456 +1,40) P = 4,856 P
My = (1.310 +1.462) P = 2,772 P
- p - (4.856) (0.980) + (2. 772) (2.824) . 1_ P
T Tt 4,250 32. 262 10
crit

= (1.028 +0.242 +0,10) P = 1,370P

The allowable tension load for a 1/4-28 screw is P, =6,011 Ib (Reference Table 4).
Working to a safety factor of 3 on screws: A

P
t
P = A _60l 2,004 1b (per screw)
t 3 3
crit '
. 2,004
.o = = 1,460
P 1,370 60 1Ib (per panel)

For -30° Incidence:

= 2/3 (0.50) = 0,333 in.

©
I

0.333 +0.70 = 1,033 in,

©
]

.. Tnp ‘= 5.8% in,

2
2n£n2= 32.262 in.

The load on the critical screw is:

Ip [
Mx 2 +My’5 _ P

2 n
n

P =
t:crit znz: Ini

where P’ is the tension load component of the normal force.

P’ = Pcos 30°=0,866P
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Mx’ = (3.476 +0.333) (0.866) P = 3,299 P

My' = (1.463 - 1,310) (0.866) P = 0,115 P
© p - [3.299) (1.083)  (0.115) (2.824) _ 0.866 p
Tt 5.890 32,262 10

crit
= (0.579 +0.010 - 0.087) P = 0,502 P

. _ 2,004 _
os P 0.502 3,990 Ib (per panel)

The axial component of the normal load will put the pins in shear.

Px’ = Psgin30° = 0.5 P

The critical shear load on the pins is:

M, P
P “Te 2

crit

Mz' = (3.476 +0,25) (0.5) P = 1,863 P

o P = 0,981 P7‘-0.25 P=1012P
scrit

The pins will be fabricated from a stainless steel having a shear allowable of F =
123 kst. su

f = 1.012P 2 = 36.847 P

Scrit  0.7854(0. 187)

For a safety factor of 8.0,

_ 123,000

P =@ (6. 847

= 1,670 Ib (per panel)

.. The maximum allowable horizontal tail load per panel = 1,460 pounds (limited
by the bracket~to-fuselage screws).
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Vertical Stabilizer

The vertical stabilizer, rudder, brackets, and attachments are analyzed in the same
manner as the horizontal tail. The C. P, location, attachment design and section pro-

perties are taken from Reference 6.

SIDE VIEW

M.S, 63.69

PANEL ) | RUDDER BRACKET

RUDDER

$ 4 W.L. 20,915
+
-I—-’-—— + ,;“ 1 W.L. 17.083
TAIL BRACKET/ '
o8, 76

M.S. 56.563

Bracket at W.L. 17.083

7.54

x—B.L. 0.0

X - -

1.75—————] M.S. 61.54

SECTION THROUGH W.L. 17.083
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From Reference 6:

2
A = 3,763 in,

c = 0.286 in,

4
1 = 0.0693 in.
X
dJ = 0,1340 in, 4

(Let Fy = allowable side force.)

M = 3.82F
X y

M = 2150F
y

Me
X (3. 832} (0.286)
= = = 15,81
fb I 0.0693 y 5 Fy
y
Me
_ z - (2.150) (0. 286) -
fsi: J 0.1340 Fy 4.589 Fy
f f
b b
S = = 17.0
fn 2 2 fst 46 Fy

For a safety factor of 2,0,

F =——Fty
y 34,002

.. For PH 13-8 Mo H1000,

F, = 190 ksi
ty
_ 180
Fy = 34,092 5,570 1b

Bracket/Fuselage Attachment Screws

Twelve 1/4-20 screws are used. These screws will be in combined tension and shear.
The following sketches show the screw pattern and assumed bearing line. (The bearing
line is located at 2/3 the edge distance.)
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2/3 (0.45) = 0.30

P
P = 1,50
2 2 2 2
S Inp 2 = 6[(0.3) +(L.5)]=14.04 in,
n
M = (20.915- 16.783) F =4,132 F
x y y
Mp
P, = ——"2—2 = 0.441 F
crit Enpn y
g, = 0.6/=0.75 = 0.960 mn.
2-2 = 0-67"2025 = 2.329 in.
£, = 0.6/=3.75 = 3.978 in.

. Tn znz - 47(0.96) + (2.320)° + (3.978)°]

= 88. 681 in. 2
M = (63.69 - 60.99) F
z y
= 2,75 F
y
M 2y F
P = z + ._y
Serit Tn .v.nz n
= 0,123 F + 0.083 F
y y
PS = 0,206 F
crit
S.F, = 1
T 2 31/2
+
(Rt Rs )

For 1/4-20 screws:

= 5,034 1b
A Reference Table 4
5,301 1b

d
I

g
"
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—Fy

—W.L. 16.783

e
Py
X
—M.S. 56.563
'ﬁ +
i
3
‘k +
2
2
0.75
| —kz M_|_

1.50 1y 3 __M.S.
TYP ST Y 60,04
+ | +

CRITICAL + | +
SCREW\
N | 4
| |
L l—:l—-o.so
1.20
2. 10
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For a safety factor of 3,

R2+Ra=0.111
t ]

erit \ + 8 orit = 0.111

0.008 x 10°° Fy2 + 0.576 x 10 12 Fy3 = 0,111

. FY = 8,340 1b

.. The maximum allowable load on the vertical tail is 3,340 pounds (based on the
bracket-to-fuselage attachment screws).

Rudder and Bracket

From Section A-A:

= 0,00191 in.4

[
|

(¢}
J

= 0.112 jin,

=
"

Ao = (L2+0.42) F

1.62 F
y

. (.62) 0.112)
b 0,00191 'y

%

For a safety factor of 2,

94.99 F
y

y 189.98 SIDE VIEW

SECTION A-A
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For PH 13-8 Mo H1000 steel, Fy = 1,000 1b
For 18 Ni-300 grade steel, Fy = 1,470 1b

Bracket/Tail Panel Attachment Screws

Assume bearing line located at 2/3 edge distance.

2/3 (0.38) =0,253

P
M = (1.2 +0.42+0.253)F = 1.873 F
y y
1,
Pt = nﬁ = (7—(0—82%33) F = 1,058 F
crit P ) ©. y y

For 10-32 crews, Pt = 3,253 1b (Reference Table 4)

A
.. For S,F. =3.0
3,253
= ——2—— = 10251b
Fy (3) (1.058) 1,025 1b

AEDC-TR-75-60

.« The maximum allowable rudder load is 1,025 pounds (based on the attachment

SCrews).
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SECTION XI
MODEL COSTS

Wind tunnel models for the HIRT facility will cost more than models for present-

day facilities. Both engineering and fabrication costs will increase. It is estimated
that the design and fabrication costs for a basic HIRT model will increase by approxi-
mately 33 per cent in comparison with a comparable mode] for existing transonic
wind tunnels (Reference 1). It is estimated that the combined cost of design and
fabrication of a multipiece, flow-through HIRT model will increase by approximately
45 per cent.

11.1 FABRICATION COSTS

The extensive use of high-strength steels and the requirement for good model surface
finishes are the principal reasons for higher fabrication costs. Special care in model
handling, closer adherence to material specifications, and inspection procedures also
contribute to model costs.

The Delta Canard model internal airflow passages were designed to be machined as
an integral part of the model fuselage. Airflow, balance, and support system space
requirements tend to eliminate the use of electroformed or fiberglass ducts within the
model fuselage shell, thus complicating the machine work required to produce an
acceptable model part.

It is estimated that the cost of fabricating a multipiece, flow-through HIRT model
will be approximately 40 per cent higher than for a comparable model for an existing
transonic wind tunnel.

11.2 ENGINEERING COSTS

There will be a sizable increase in the engineering support effort required for HIRT
models. Since the high model loads in HIRT will. often dictate that models be designed
to low safety factors (S.F. = 2.0 on yield as a minimum), special effort must be made
.to have good, detailed model test plans, with the model loads associated with that test
plan accurately estimated. Detailed structural analyses will be required. The pre-
diction and verification of model distortions will also require an additional engineering
effort.

It is estimated that engineering costs for a multipiece, flow-through HIRT model will

be approximately 60 per cent higher than for a comparable model for an existing
transonic wind tunnel,
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SECTION XII
CONCLUSIONS

The results of this study and the previous model study (Reference 1) indicate that
multipiece, internal airflow wind tunnel models of the Delta Canard and F-111 air-
planes can be designed and fabricated for testing in the HIRT facility. These models
would be structurally capable of withstanding the loads associated with simulating
major portions of the aircraft operating envelope while matching full scale Reynolds
numbers.

The models used for this study are basically balance and/or sting limited. As with
most sting-supported models, airflow passages, sting-to-model clearance, and model
geometry combine to limit the allowable size of the sting or balance. Acceptable
distortions of the aircraft geometry are configuration oriented and vary with individual
test objectives.,

Test planning and model loading estimates must be carefully engineered to obtain the
optimum test results with a given model. Tunnel temperature variation is a useful
tool to use for extending the testing capability of a given model.

Models will be designed to higher working stresses than most present-day models.
A minimum safety factor of 2.0 (using the material tensile yield stress) is ‘considered
acceptable, since failure of the model would not be catastrophic to the facility.

""High capacity” six-component balances will be required for HIRT testing.

A three-component balance can be designed to measure canard loads independent of
the overall model loads,

Ejector-powered inlet and exhaust system testing must be conducted on separate
tests, Analysis shows that an ejector simulator can provide the range of thrust/
inlet flow required by a fighter aircraft. Fighter aircraft exhaust nozzle pressure
ratios exceed those attainable from an ejector; therefore, for exhaust simulation a
jet nozzle with a blocked inlet is recommended.

The basic design of an existing transonic F-111 model, updated with HIRT materials,
can be tested in HIRT at full scale Reynolds numbers for a significant portion of the
aireraft flight envelope.

Wind tunnel model costs for the HIRT facility are estimated at approximately 45 per

cent more than models for present-day facilities, Both engineering and fabrication
costs will increase (with the larger increase in engineering costs).
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Symbol

E. O M,

ABBREVIATIONS AND SYMBOLS

Nomenclature

Area

Axial force at BMC
Buttock line station
Balance moment center
Chord or dimension
Specific heat
Coefficient of lift
Center of pressure
Distance to outer fibers
Distance to lower fibers
Distance to upper fibers
Diameter

Modulus of elasticity
Ela.stic axis

|
Modulus of elasticity in compression

Edge distance/diameter
Elongation

End of model

Farenheit

A:qal force

Allowable bending stress
Ultimate bearing stress
Bearing yield stress
Compressive yield stress
Ultimate tension allowable
Normal force

Ultimate shear allowable
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Units

degrees
Ib
1b/in, 2
Ib/in. 2
1b/in. 2
Ib/in, 2
1b/in. 2
Ib
1b/in. 2
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Symbol

Nomenclature
Ultimate tension allowable

Tensile yield stress
Side force

Fuselage station
Calculated bending stress
Calculated bearing stress

Calculated bending stress about y axis

Calculated bending stress about z axis

Calculated compressive stress
Calculated principal stress
Calculated shear stress
Calculated shear stress (torsion)
Calculated tension stress
Modulus of rigidity

Moment of inertia

Polar moment of inertia
Thermal conductivity

Degrees Kelvin

Length

Mass flow functions
Moment

Rolling moment

Pitching moment

Yawing moment

Mean aerodynamic chord
Manufacturing chord plame
Model Station

Designates a number
Normal force at BMC
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Symbol

Tl E.
T.S.

Nomenclature
Load
Pitching moment
Shear load
Allowable shear load

Tensile load

Allowable tensile load
Freestream dynamic pressure
Reynolds number

Rolling moment

Side force at BMC

Safety factor

Torsion

Trailing edge

Tail panel station

Thickness

Median length

Shear load

Axial center of pressure location
Side force

Yawing moment

Polar section modulus
Coefficient of thermal expansion
Incremental or differential
Leading edge sweep angle
Microinch

Density

Parallel

Perpendicular ]
Vectorial addition symbol
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Units
1b
in-1b

deg.
in. x 10~
Ib/in. 3



